Objectives:The palatal angle is an important angle of the craniofacial complex. It is signifi cant for the diagnosis of craniofacial disorders mainly for nasopharyngeal soft-tissue patterns. Background The dentists and otorhinolaryngologists use this relationship to establish proper treatment mechanics and evaluate facial profi le. The aims of this study were to provide comparative cephalometric analyses of historical and contemporary skulls. Materials and method:A total of 190 cephalograms of 2 groups of subjects were evaluated. Dolphin Imaging 11.0 -Cephalometric Tracing Analysis was used for the analysis. Unpaired two-tailed t-test assuming equality of variances was used for all variables (at the signifi cance level p = 0.0001). Results: The modern forensic skulls had larger palatal angle at average value of 8.60 degrees ± 4.35, than that of archeological ones, the average value of which was 6.50 degrees ± 3.92. The difference was found significant. Unpaired two-tailed t-test assuming equality of variances showed that historical and contemporary skulls had statistically signifi cant results. The difference was -2.09 with standard error of 0.60 (95% confi dence interval from -3.29 to -0.89). Two-tailed probability attained value of P was less than 0.0001.
Introduction
The maxilla develops postnatally entirely by intramembranous ossifi cation. Since there is no cartilage replacement, the growth occurs in two ways, namely by apposition of bone at the sutures that connect the maxilla to the cranium and cranial base, and by surface remodeling. Maxilla grows downward and forward, which is allowed by the ideally situated sutures attaching the maxilla posteriorly and superiorly and by growth of the cranial base behind it. The growth pattern of the maxilla has been described by Björk in 1955 (1) . He used metallic implants in the right side of each arch to analyze growth mechanism of individual human bones on the basis of comparison with the external bone contours. The growth in length is sutural towards the palatine bone. The space at the sutures is fi lled in by proliferation of bone. The sutures retain the same width, and various processes of the maxilla become longer. This is accompanied by periostal apposition at the maxillary tuberosity, as a free surface. Bone addition creates additional space into which the primary and then the permanent molar teeth successively erupt. The growth in length has not been found on the anterior surface of the maxilla, apart from the alveolar process, as almost the entire anterior surface of the maxilla is an area of resorption, not apposition.
The growth in height takes place at the sutural articulations of the frontal and zygomatic processes, and by periostal apposition on the lower border of the alveolar process. The nasal fl oor is lowered through resorption together with periostal apposition on the hard palate, and the anterior nasal spine is likewise lowered through resorptive remodeling. The overall growth changes result from both downward and forward translation of the maxilla and simultaneous surface remodeling. The whole bony nasomaxillary complex is moving downward and forward relative to the cranium, being translated in space (2) (3) (4) (5) (6) .
The knowledge of growth changes and possibility of their infl uence have fundamental signifi cance for the treatment of orthodontic anomalies. As a research tool, cephalometry has been the most widely used imaging modality in orthodontic investigations. Cephalometry has been used to quantify craniofacial parameters in individuals or sample population, distinguish normal from abnormal anatomy, compare treated and untreated sample populations, differentiate homogeneous from mixed populations, and to assess patterns of change through time.
Palatal angle is one of values which serve to determine whether upper jaw rotates more intensively forward and down or vice versa. To determine this angle we use upper palatal plane which is a connection of two points, namely anterior nasal spine (ANS) and posterior nasal spine (PNS) as well as anterior cranial base which is also a connection of two points, namely Sella (S) and Nasion (N) on cephalometry (Tab. 1, Fig. 1 ). The normal value of palatal angle for European population is about 8.1° (7) . Deviation grows signifi cantly forward and down and the angle shows the degrees of declination of the maxilla to the cranial base.
The importance of correct identifi cation of the anteroposterior jaw relationship is essential. The clinician uses this relationship to establish detailed treatment goals and proper treatment mechanics. It has often been observed that the intermolar relationship is not necessarily related to the facial profi le. When analyzing cephalometrics, many patients with Class I molar relationship show an obvious Class II or Class III pattern in their facial profi le. Most of these cases show abnormal rotation of the jaws relative to cranial anatomy (8) (9) (10) (11) .
The horizontal relationship of denture bases can be defi ned using the angles or distances between reference planes of the craniofacial complex and points A and B, which are representative of the anterior limits of denture bases. The skeletal A-P relationship is probably affected by the vertical jaw relationship. In other words, the degree of A-P relationship can vary in response to a vertical change in facial dimension (5) . Accordingly, it might be said that the skeletal sagital aspect could be described more adequately by angles between craniofacial reference planes and A-B plane, which is supplemented by a consideration of both vertical and horizontal distances between points A and B, concurrently.
Therefore, the aims of this study were 1) to examine statistically and geometrically the different cephalometric measurements which are used to indicate SN -palatal planerelationship, and 2) to providecomparative cephalometric analysis of historical and contemporary forensic skulls.
Material and methods
Palatal angle size and relationship of the angle size in modern (forensic) and archeological skulls were investigated in this study. A total of 190 cephalograms of 2 groups of subjects, namely forensic (75 unknown individuals; 67 men and 8 women from Institute of Criminalistics, Prague, Czech Republic) and archeological subjects (115 skulls dated 8th-12th century; excavations of Slavic settlements in Czech and Moravian regions), were evaluated. The lateral cephalograms were taken under standard conditions. The sensor-focus distance from the median plane of the patient's head was 150 cm, and the median plane-sensor distance was 10 cm. The cephalograms of contemporary group were taken with the subjects standing with the head positioned in the cephalostat and orientated to the Frankfort horizontal plane parallel to the underlay. To minimize error, all measurements were made by the same person. Dolphin Imaging 11.0 -Cephalometric Tracing Analysis (CephX Inc. Las Vegas, NV) was used for the analysis (Figs 2 and 3) .
All subjects were of Caucasian origin and therefore ethnically represented a very homogeneous group. All cephalometric radiographs of these subjects were made with the same panoramic machine (Gendex, Oralix 9200, Milan, Italy). Cephalometric Tracing Analysis was performed by two orthodontists (Fig. 4) .
Statistical evaluation
The subjects were divided into 2 groups (75 contemporary forensic skulls, 115 archeological samples) to compare the palatal angle differences. Unpaired two-tailed t-test assuming equality of variances was used for all variables (at the signifi cance level p = 0.0001).
Results
The modern forensic skulls had larger average palatal angle value, namely 8.60 degrees ± 4.35, than the archeological ones, the average value of which was 6.50 degrees ± 3.92. The difference was found signifi cant. Unpaired two-tailed t-test assuming equality of variances showed that forensic and archeological skulls had statistically signifi cant results. The difference was -2.09 with standard error of 0.60 (95 % confi dence interval from -3.29 to -0.89). Twotailed probability attained the value of P less than 0.0001 (Tab. 2).
The signifi cant difference existed in measurements of the palatal angle between forensic and archeological dentate groups. We were able to confi rm discrepancies in shape of maxilla including box plot in interval (Fig. 5). A comparison of the mean data for the two groups indicates that the mean palatal angle for the forensic skulls was 8.60 degrees (with a variance of 18.96) in comparison to the archeological skulls whose mean palatal angle was 6.50 degrees (with a lower variance of 15.36). As the P value for the analysis was less than 0.0001, we can conclude that the hypothesis of different palatal angle is statistically significant. From the measurements, we have shown that the type of life style had direct infl uence on anatomy of skull in the palatal angle area.
When the results were compared with contemporary orthodontic cephalometric analysis (Tab. 1) it was evident that all mentioned groups excluding children (12, 13) had also higher palatal angle, namely from 7.00 to 10.29 degrees.
Discussion
The palatal angle is an important angle of the craniofacial complex. It is signifi cant for the diagnosis of craniofacial disorders mainly for nasopharyngeal soft-tissue patterns. Nasal fossa, cranial base, and adenoidal tissue were larger in men. All variables except lower pharynx dimension were statistically related. Great dependence was observed between some variables, namely the upper airway thickness explained 60% of the changes in upper pharyngeal dimension and 67% of changes in aerial area. Cranial base length was related to different variables defi ning the airway, mainly nasal fossa length and lower airway thickness. Palatal angle was statistically correlated with upper airway area (14) and this space has direct infl uence on obstructive sleep apnea (15) . Also cleft patient ANB angle was the most signifi cant predictor for later osteotomy. Despite individual variation, all children (n = 13) whose ANB angle was less than 7°, needed later orthognathic surgery; whereas, none of those whose ANB angle was greater than 12.5° (n = 6) needed maxillary osteotomies (16) .
Lateral cephalogram or three-dimensional cone beam computed tomography can be usually used to determine this angle (17) . Smith (18) found that computerized cephalometric analysis yields comparable results to traditional cephalometric analysis, but can be used also for skulls.Cephalometric tracing analysis helped us capture standardized images and achieve precise measurement.
Genetic drift is rejected as a predominant mechanism infl uencing the maxilla shape in Homo sapiens (19) . Our results confi rmed that palatal angle size is also connected with assessing the morphology of the maxilla and had direct infl uence on upper jaw development. We found a signifi cant difference between the archeological and forensic groups. An increase in the palatal angle can be directly connected with less marked anterior rotation of upper jaw. Also this result was statistically signifi cant.
The considerable transformative changes in the palatal angle may be attributed to several factors, and it is known that the maxilla does not follow one characteristic pattern throughout the development. The present study concludes that during the development, there seems to be a signifi cant difference in the palatal angle. At present, the palatal angle shows to be defi nitely increased.
